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ABSTRACT : 



PROBLEM TO BE SOLVED: To provide ferritic stainless steel free from surface defects 
caused by oxide inclusions without the generation of the clogging of a nozzle at 
the time of continuous casting, moreover excellent in corrosion resistance and 
furthermore excellent in forming workability and ridging resistance. 

SOLUTION: In ferritic stainless steel, particularly, the content of Al in the steel 
component is limited to, by weight, ^0.005%. furthermore, the V and Nb are added in 
ranges satisfying the total content: 0.04 to 0.1% and V/Nb=2 . 0 to 5.0, and 
moreover, the compsns . of oxide inclusions caused by deoxidized products in the 
steel are limited to the ranges of Ti oxide: 20 to 90%, A1203: ^50% and CaO: 5 to 
50%. 
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(CT) [|?»] 

)a^4'i:<{CAl^O.0O5wt%JJlTfe:MI5BL. *>oVt>J: 
tfl<btrAU*: 0.04~0.1 wt%. V/Nb=2.0 ~5.0 Sr 

Ahft : 50wt%lilTtJj:tXCaO : 5~50wt%O«H 
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C : O.Oa*t%JaT, 
Cr : 5~50wt%. 
N : o.oart%OTs 



Si 
P 



* * im^i 1 

1.0 wt%OT, tti : 
0.05wt%jJiT. S : 



1.0 vt%WF> 
0.015 wt%jaT. 
Al : 0.005 wt%iaT. O : 0.01wt%JaT. 
Ti : 0.08wt%J.:LJb6>o6x (C + N) 0.5 «t%jaT, 
( V+Nb) : 0.04~0.1 wt%-C*»OV/Nb=2.0 ~5.0 . 
Ca:0.0005~0.0050wt% 



2(h-90wt%. AliCb : 50wt%BlTt5J:t^CaO : 5~50wt 10 
Mo:0.05~4.0 wt% 

[iS*«3] iS*«lt;ttt2lctjv^t:. iifflj«*f, 
$<i>t 20 
B : O.00Q2~O.0O30wt% 

[0001] 

^ise-lbfeS^^frffiiBjcofflj&^iifcB^S c: i: t: J: 30 
[00021 

[0003] mtii. !Nfiaie61-276955^ii^K:«. 

c. N<DimtTimiizx^xmsL*)mmitm<^mm 

xm2<mmmismi-i>msim^^tix\>^&. 40 
z<Dmxu. Mmmizwm-hzktzii'yx. n 

±LX\^h. U»t=5:*«'?>. ^cmHSXit. ^ti>iii>m 

[ 0 0 0 4 ] t/t, -umm^M^mw-a 

-260106^4i«fc:H. Al?:^*-UfcTi^7x9'f 



cao ^fct. ffisus^b-rscifcfcioT. yx)mt*} 
m±-ri>msi!^^iix\,^&. LipL^t/^i:,. z<d 
msx'ii. ifmitLxoiSifi±^L^<^ zcnusifi 
m&ttc^xmm^L^\^^»i. mi^m^^it-tht 

^yx^-itLxm.-th^y^commmti'fkti 
m:\i^t\^m*m:^i:mLx\>^ti. 
[0005] -^r. 7x7>f h^xT-yuxmi. m. 
ti^zm^f^^zi&'>xu'J>ybm£^^h ^thj am 

Arts t *Jff*»iiT ^ Jt*5. ^ CO i a ^:^ra-C«. I* 
[0006] 

(1) wmm<7immmmtzyxfi'm^ifim<. mm 

(2) ^y«^ffl^ailB*«=Sr<«iIltt«tcjBh.Sii:. 

(3) WAttfcfeMS^ri:. 

(4) jiaglinxttfc:ffih.Sifc. rMifi i.i 
&±XA r e*« 0. mTvhi z t . 

(5) m}sax^^j'jy^r^ms^m9s:cs>tzt. 

[0007] 

[iias:Jw*-t*:tft<o¥a] ST, «B8#^i4, m 

wym.^mEiziiLmi-zbi/'. mmttzsmim 
tmvmxmrchtzb. ttimmitmsm 
wmiz^^LxiSLn-ttui. mm^coofymmt 
ixwmri>mi^<Dmxiimiifimf>x^xs>?>zbff) 
;i<Dm\i. ±Miiinmjizim-rhi>(n>x 



(3) 



#^2000-17 57 



[00 08l-«:*»^, 
1 



C : 0.02wt%OT. Si : 1.0 wt%jaT. to : 1.0 wt%JJlT, 
Cr : 5~50wt%. P : 0.05wt%JaT. S : 0.015 wt%JaT. 
N : 0.02wt%jaT. Al : 0.005 ntX^T. O : 0.01wt%jaT. 
Ti :0.08wt%JjUi*^6X (C + N) 0.5 wt%OT. 
(V+Nb) : 0.04-0.1 wt%T*»OV/Nb=2.0 ~5.0 , 



Ca : 0.000^. 0050Nt% 
20~90wt%. Al2% : 50trt.%Ja,Tt>J:tXCaO : 5~50wt 10 

[00091 2. jjBittJv^T. mmj^. 

Mo: 0.05~4.0 wt% 

[0 0 101 3. ±£l*fcl42t^V^r. aMjs*«> 
3^>fe: 20 
B : 0.0002~0.0030wt% 

[00 111 

1^1 

C : 0.006 ~0.011 wt%. Si : 0.22~0.4lMt%. Mn : 0. 
27-0.48wt%, Cr : 10.9~11.3wt%. P : 0.021 M).04 30 
1 wt%. S : 0.003 -0.011 wt%, N : 0.004-0.009 w 
t%. O : O.0037-O.0076wt%. Ti : 0.1^.26wt%. H 
b+V : 0.046-0.093 wt%-C*>OV/Nb=2. 1 —4.6 . 
Ca:O.0006-O.0022wt%tfD^4i«!Hr. AlJIS:0.0007wt 

o.023i»t%*t^s-fr^$^. miL. 

mt (i6fr9->f X : 2001111 ffxi240rt|g) . SSfr$:#A 
^ : 109O-1130lC-40-604i-. Wmi^^X. ffiBE® 

itmmi : 940 -1000 x:, msmum ■. 2ta. 

ttJUf ( IX^VY ) EBiSajffliaS : 800 -880 "C. 40 
ittWm : 3m^ 3>f;MS^JR0iaS : 610 X:. 

[00121 oi^-C. lajin-f /l'^ 880-920 -CCj^ 

^tUt^ym&li\^-tili,mifi 0.4-3.0 neSTft 
§{430-500 amSXh-yti. mH^^m^i^X 0 
fc. Aljfc&» 0.005wt%$-jSi.SfcA.y4jtXI«*mLtt 



AliOaA^ejajSiTJt. m-oX. i)^Xd^j:^ymMi. 

m^mz^Litrnm^m-hi Ai203*>m • m. 

[00 131l|®k2 

C : 0.006 -0.011 »it%. Si : 0.22-0.41wt%, Mn : 0. 
27~0.48wt%, Cr : 10.9-11.3wt%. P : 0.021 -0.04 
1 wt%. S : 0.003 —0.011 wt%. N : 0.004-O.009 w 
t%. O : 0.0037-0. 0076wt%. Ti : 0.19-0. 26wt%. N 
b+V : 0.046-0.093 wt%T-*»o V/Nb=2. 1 —4.6 . 
CaM. : 0.00090.0Q24Ht%<9d^^WC. Alft^^O-OOOM 

O.023wt%*-C?g^§-«:S!?r. 
JSa (ilfrt'fX: 2001111 gxi240ii«i|B) . «fr?r*A 

^ : 1090~1130iC-40-603>. mBM7J^X. fiffiS 
tt±Jf as : 950 -10001C. fflFFlE^ H-TB : 28ni. tt 
±{f ( 7X^'>h') EB^tiJfflttaS : 800 -880 t:. it 
±ifm: 3«. 3>f;MS#JR9aK: 590 -700TC, ff> 
^■Cfirofc. ^/9it3tf^ji3^;P$r. 880-920 "CT 

^^j^L. wsm. immizx <otm o.s mtut 
[ 0 0 1 4 1 *>< txi^^tui)^mmm.<o^M:izhti 

mmmmKrt^irzro-j^mzX^xn^i::. % 
(>tUdf^i. iftE?lH'^<n Ai203»-r'^LTH2fc:* 
•r. nhtvnMSk^. it^^ffi AhOa»TS01LTB 

l80s4*<50wt%lrfi;l S t 

«6SC:t*«m. dtlfcitL. Al203ft&«50wt%JaT-C 

i^ofc. ^fc, I^Sii>i'\^*fcJd©4. «i3i)* 0.2-2 
i^gT:S$l48O-1000o^arCft-5fc. 
[00151l@i^3 

C : 0.006 -O.Oll wt%. Si : 0.22-0.41wt%. Mn : 0. 
27-0.48wt%. Cr : 10.9— 11.3wt%. P : 0.021 -0.04 
1 wt%, S : 0.003 —0.011 irt%, N : 0.004-O.C09 u 
t%. O : 0.0037-0. 0a76wt%. Ti : 0.19-0.26wt%. N 
b+V : 0.046-0.093 wt%T'3&*OV/Nb=2. 1 —4.6 . 
Al : 0.0007-0. 0(B9wt%<O*^KiaT. Ca4i&0.0008— 
0.0029wt%<OSIIffltSg>ft:$-frfc«Hi& 160h>1I^L. 9 



(4 

5 

im^n- : 109(>-1130'C-40~604)-. fifEgTys'X. ffl 
mti:±ifm. : 950 MOOQ-C. mmittifm : 2ta 

m. ttitf ( ixi^yv) smmim^ ■. m ~88o 

X:^ ti:±im : 3in, 3>f;MS^]iX0fflS : 590 -700 

0 x^rmmnL. siaa. ?&ohekj: osw : 0.8 

mAZik±lffi(r>*>. 880-910 X:-Caigii«a. ISitL 
?&®KiHSi: L;t. 10 

[ 0 0 1 6 1 A»< Lxmivf^mmmcowsiyrm 

^X^»J-#600 jgfSL. JS*li^SSik (JIS-Z-2371i|6 

^:frlE!B}4'<OTiilfli«jfi-CSaLT03fc:^. 
*,W#,A»^rJ:dt:. :fr4!fe+OTi||fl:«jft8i«20-90wt% 

ttfcs»-cfcSit*q3is. 20 

[00171ieil4 

C : 0.006 ~0.011 wt%. Si : 0.2^.41wt%. Mn : 0. 
27M).48wt%. Cr : 10.9— 11.3wt%. P : 0.021 —0.04 

1 iiit%. S : 0.003 -O.OU wt%. N : 0.004-0.009 n 
t%. O : 0.0037-O.0076wt%. Ti : 0.19M).26i*t%. N 
b+V : 0.04&M).093 wt%-C*>0 V/m)=2. 1 —4.6 , 
Al : 0.00OTM).0026wt%COlKdMiHT\ Caft?rO.O0(B- 

o.oo55wt%oiffl-^gfl:§-i*^M3&ieo h>ig»L. s 

^Jt^ (»fri?->fX: 200m ffX1240««i) . 

Mft^fh : 1090-1130X;-40-60^i-, affii7y^•X. ffl 
ffiitt±imBE : 950 -100(rc, aBBitt±»f « : 2Bi 
itkif(7X^yY) ffi^aaHHaK : 800 -880 
X:. tt±tfff : 3«. 3>f;MS^]R»)aS : 590 —700 

t:. <r^-cff-5fc. ^^><T>:;l»®ri>fyi.^. 880-92 
0 x:Tmmt. wsm. ^^mmizx o«ff : 0.8 

X. ^mmmt it:, 

[ 0 0 1 8 1 *»< Lxmntii^mm'mio^m 
$:x;< y-#6oo mmt. js*^^ (jis-z-2371^ 40 

t:, ^f>^z. )mmimzm^hmmimtm<r>z 
m^mi^cocaoMximLxm^iz^-t. W)>^m 

t*>=5:J:-3fc:. :rt-*^4'«CaOJfc&«5-50iit%<ir)KHt: 
[001911^5 

C : 0.006 -O.Ollwt Si : 0.22M).41tit%. Mn : 0. 50 
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27-0.48wt%, Cr : 10.9— 11.3wt%, P : 0.021 -0.04 
1 wt%, S : 0.001 -0.021 wt%. N : 0.004-0.009 w 
t%, O : 0.0(B7-M).0076wt%, Ti : 0.19~0.26wt%. N 
b+V : 0.046~0.093wt %TA»-3V/Nb : 2. 1 —4.6 ff) 

mmsx\ Lti^i>mmmfymi'^<^ Ai2ft»A*5- 

20wt%i:55-65wt%<02*JPfc:oi,^"C. CaM*0.0003- 

(m)^^X : 200im 5xi240iiiin1i) . &f^t:^Mvt 

: 1090-1130'C-40-60d)-. aEg7-'N°;^. fflfflitt 
±{fiae : 950 -lOOOr, fflEgtt±»f» : 28-, ttJi 
ff (7X^>H)E®«a5ffl!liaS:800 -880'C, tt± 
JfJ? : 3m, n-^yM^g^KOaS : 590 -700 X:, C!^ 
ft^TfT-5it. #'c>*Utl!!®3>(/l'i&, 880-920 •CTM 
^J^L. Ssa^. }#S£ESt:i: *)tm : 0.8 mtftJi 

tffcc7)%, 880-910 x:xmmmt. irnvx. jfeg 

m«t L/C. 

[ 0 0 2 0 1 *»< LT#^»tl3t?&S«^Hg<^SSiUt*iii 

Xff':>t:m:kmmm^i. SfifcCaST'SaLT^ 
l£ISHTftS<7)fcStL, Al203ft*»-55-65wt%<7)7M|i'C 
[00211ll«6 

C : 0.006 -O.OIM Si : 0.22M).41wt%, Mn : 0. 
Z7-0.48wt%, Cr : 10.9— 11.3»*t%, P : 0.021 -0.04 
1 wt%, S : 0.001 -0.021 wt%, N : 0.004-0.009 w 
t%, O : 0.0037— 0.0076irt%, Ti : 0. 19-0.26wt%, A 
1 : O.0008-O.0028wt%, Ca : O.0OlOM).0028wt%tfDffl 

80wt%, AliObS: 5-10wt%, CaO4:10-25wt%t 
SOfflUoo. NbiJitXV^JnMSra^^^^-WriBSrS 

mt. mmm (»yrv^x: 200m SX12400 

Xyfim^fi- : 1090~1130'C-40-60^)-. ffl£E 

K7^^x, mjmitnfm.:m -looac. lajsgft 

±lfjf : 28m, itkif ( 7;^^^^ H ) EgflSajfflKaS : 
800 -880 1C, fthJfJS: Sm, ri'f/MS^JROfflS : 

590 -700 x:, (o^xn^ti, ^i^tu^m&^^ju 
sr, 88(h-92o x:xmmmL. ^fsmizx 

*)im :0.8miZittiftz(O*,, 880-910 iCTiSgM 

mt. mux. 2Dit±ifmmmLbti:i. 

[ 0 0 2 2 1 LT#^>iifci&®KM«*>^> L^n6)(c 
TOtJIS-5^l5iiiC8l«-iSr»JRL, ^iSJx^y-# 

600 9f^, z%<m\m*)^imLtdi^imse. (r- 



7 

mzmLThitmi. m (o) t l^, tJt, 4 

juiiS;t., 7/zi Stli^Uvy^^H^jWaigT^S 
U S->:^*5^tgirct ( X ) t L:^i. 

S^L^tfcO. Nb. V4<7)ft3W). 04-0.1 wt%-CA^-:>V 
/Nb*«2~503Sii'C{i. yi^>^^*«l^i:^i^lfe^L^: 

[00 233 ia±, ^^fctJO. Z<DmrcmmLi:: 

WJOL, **-3VtJj:l/Nb*^ihft: 0.04-0.1 wt%, V 

/Nb=2.o ~5.o mfL-timmrmoirhtm^. m 

im^-ftmi^mi AI2O3 : 50wt%mT. Ti^!fi) : 
2(>-90wt%t5j:l^CaO : 5~50wt%<OKHt*Jffi-tSC: 

5:J:SOKHfc{BI«N-S<Ott^Ta=5:<. -ftmmi 

[0 0 241 -f^lT. m^(>\i. dcO/iSKoV^T. $ 
U TitiJ:t^Ca«i61ii«t,SSii:5n6*^. 

OiimaLx'^hb. mmm.<fmmi^mim& 

Lxni^>tih:ibifim^tit:(OThh. zz^z. ±m 
<^XdtzLX%^ix/::mifammAi, im^xhh 

izis\.^xi^yx^-mm3izmL:f::mm!mi!fi^ 

\i!CaiSmjS:thZklfi^\>^ff)Xfm(0^^tii>^\,\ 

[0025] z<r>^. mmiizmu msm&-»<om 
ti. Ah03 i}^i.w<Dmimii^^L^\-^ti»>. z<o^ 

mm<rtmm^ti^ji}'^t:i>(r>b^tt>ii&. it:. 

m.^mtx\.^x*-'^-f::zbi>. mm.<omjmi^ivo: 
ioo26jiji:fc. zffimizn^-^x. 4iKoja»«u£i& 
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tm<^msi:m&LtMiz'^\i^xwLmth . 
c : o.oa«t%jaT 

X o izii(omain'>x{>zti^<»^<mMicm. 
mmt^^^x. co±KJio.o2wt%fc:^«>/i. 

[0 02 7] Si : 1.0 wt^OT 

siji. mt<^fcibiz^Hm:yimx'htifi. Tm^mm 

Stt<0fiT2r«<. ^ZV. Z(Dm^tli 1.0wt%iaT 
10 X-k^^ithi><ObLt:. mL<\i 0.7wt%jaTTft 
5. 

[ 0 0 2 8 ] t*i : 1.0 wt%mT 

Wtm^mmsnziiuxwst<om^n«nix. 

[0029] Cr: 5~50wt% 

20 :650wt%i&Si.Stffitt*?«tt<O§&fla(^L<^:S<O 
[0 0 30] P :0.05wt%filT 

p«. @tt^ttt:^r«^OT*-cS)0, ^**W).05wt 
%2:S;tSi:-e«0^*«^fc^rS<0'C, 0.05wt%JJlT 

[ 0 0 3 1 ] S : 0.015 wt%OT \ 

b*)m. z<7mfmx'nzomB^ndi^iz\i:m 

n-;H.-C*>. S*** 0.015wt%?rjet&i:HAtt<^ 
'fb6«4t«<^rS<0-C, S«J O.OlSwt^jaTtaaiSL 

[0032] N :0.02wt%JaT 

i:'tf>S^{i^rVvr)-c. ±ffi2r0.a2Mt%t^tf>fc. 
[ 0 0 3 3 ] Al : 0.005 wt^JJlT 

40 ^/c, o.o(m,%wriz-t^'£mifihh. -r^hh, is 

0.005wt%i&@tSi:«iiifc: AhOsomtcSH 
[00341 O:0.01wt%JaT 

0M%mTfc®l®Li^. 

[ 0 0 3 5 1 Ti : 0.08wt%JjUu&»o6 X (C+N ) Jjl 
±. 0.5 wt%OT 
50 Titt, jSJgJiiltt<0|i>i±toeWF^^(:=5r7BRT*S^lt 
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\fH±<^^1}-f,ii. 6x (C + N) JiLbiPjfJST'*)'). * 

fc:f^ffl-rS3t*fc:{i0.08wt%*«fgfS'C*S. ftoT. Ti 
<OTK«0.08wt%-C**06x (C+N) fclS^StlS. 

[ 0 0 3 6 1 Nb+ V : 0.04~0. 1 wt%T**OV/Nb=2. 
0 —5.0 

Nb, vttv^-mt. i»'Ji/y^tt«iS#fe:fii«>T^f3a»^r lo 

mmi. NM;5j:t/V<O^tf4*S0.04~0.1 wt%'C**o 
c:n^><?5ifcv/Nb*s 2.0-5.0 <OlEHr^^:/iAt:, 

$n^*)»tTti*v^*^ I5i®mct>{tl> ( 0 0 1 ) ^N'y 

[ 0 0 3 7 1 Ca : 0.0005wt%JaJi. 0.0050wt%mT 

TSmVi>h(OT. T^40.0005wt%t It:, -^T. ^ 
50i*t%i&ieiSi:a^t=S:4<OT. ±IR{iO.0050t»t%i: 
[ 0 0 3 8 J Oh. a*Jfii)-fc:-:>V^Tii»flUyt:3&«. i<0 

Mo : 0.05—4.0 wt% 30 
l40.05wt%JJU:Ta^t==5:S<O-C. TlR{10.05i*t%fcL 

j^i^. 4.0 iit%imx.hbim'i:</ymiimn:.mri>ti 

[0 0 3 91 B : 0. 0002-0. 0030wt% 

BJ4. $m*)m^z^h^zm:^tlh^^zfsmb^xh2 
*so.ooo2wt%tsi/v:^:v^i:-e^aaiifi»*t=^L<, -Jr 40 

0.0<l30wt%Srei.afc®tt*^ffiTU4tftS<^-e, Bii 
0.0002~0.0030wt%<^KHT*^rS*i Lfc. 
[ 0 0 4 0 1 iJct . c:<ol6»fifct>v^r . IKbiBs^ffiBi 

rim:ma. ■. 2(K90wt%, AhOS : 50wt%KlT. CaO : 
5~50wt% 

mmm-mmm.i:±3i(^^tzLt:bz^i}i. z 

<7m^ff)W^TS>?>.^izmL2, 3, 4. 
LfcJrofe:. Al2(fe*2:50wt%ja,T. J:DiftL<{420 
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1 0 

CaOfti&5-50wt%t-rsCli:tc:J;-,T, S^Jt^fc 

im^-ftmi<7m&i,Z'o\,^x . nmitva ■. 2o~90wt%. 

Ah03 : 50wt%jaT. CaO : 5~50wt%<O®fflt:IS^L 

r tt*«ifii± L . mmzm\^m)jVE a r t/h? < ^ k 

mmii^i:&iitfzt<^bim^tih, 

[0 04 1 ] 5rtj, zffimrcii. mff>^x<7>itms 

±Mi<om.<^^mmb-thimiiti:<. ^^j:< 
b t50%, m L< l470%IJUi*«*»J: d^: AhOs -TiS 

m-Oiom.-^itmz^j:'>x\^iniB:\\ zziz. 

^<miZ±A^tlhmimbLXii. SiOi. MnO. FeQc 

[00421 mz. zffmm<mis^}imiz-:>\.^xm 
mh, z<nmi:QM. m&Ltibti'o. mmss\{zti 

itrnj^mcommaLXTism^^o , zcnxo 

izthb. /Att:tiSimkizX*)^Lt: AhQs^iOi 

*>J:3mii<OTil!fl:!B!l<7):^§$J45-20/iii mStCh 
SOT. Si!IiKt:iiV^t:&*:<o^'7X^'-«:friE!ftte 

^m^ssmizmhyxfv^t *)ifimizmm^tiiff) 
ifi^-i-t zbi)^^j:\,^<oTmi>mxm±v^i>zb 

immLtibt5')Tf>i,, 

[0 04 31J:EOj:pfcLT. BlrS^^^lffllfcfeit^tfr 

ffli. }^Emsi:x/mmmimtxm,b^ti?>, 
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